INTRODUCTION
Increased environmental, social and economic impacts of the construction industry and its products have fuelled the demand for sustainable construction. 1 During the 1990s and in response to perceived recurrent problems of poor quality of work, budget constraints in the public sectors, [2] [3] [4] under-performance, low productivity, low profit margins, adversarial relationships and the fragmented nature of the construction industry, various UK government reports and initiatives concurrently suggested that the industry would benefit from adopting better sustainable construction and supply chain management (SCM). 5, 6 SCM has thus become an important aspect of construction performance in the UK. Recent developments include (a) a proliferation of various forms of SCM and procurement in the construction industry (b) traditional performance measures (time, quality and cost) being expanded to include additional factors such as environmental and social measures 7 (c) the importance of suppliers' sustainability performance becoming one of the key aspects of tender selection criteria 8 (d) many large construction companies developing a variety of tools, policies and strategies that measure and demonstrate their performance. 9 There is growing awareness that sustainability cannot be achieved by organisations' actions in isolation. They need to work in partnership with other members of the supply chain to develop products and services based on environmental integrity, social equity and commercial viability. 10 Accordingly, many frameworks for implementing sustainability at the business strategic level (e.g. Sigma 11 and The Natural
Step 12 ) advocate the integration of sustainability within SCM. This perception is increasingly being shared among early adopters of sustainable concept (e.g. The Body Shop, B&Q and Pilkington) and sustainable construction (e.g. Balfour Beatty, Carillion and Amec). The concepts of sustainability and SCM are, however, extremely complex and problems exist when theory is being translated into practice. 13 To achieve sustainable construction and SCM, there is consensus that the government must take the lead through its spending power and legislation.
Sustainable supply chain management (SSCM) has been defined in the context of this research as: identification of problematic economic, social and environmental issues throughout the supply chain; assessment of their potential impact and risks; and development of measures to enhance impact and mitigate risk. 13 There is, however, still on-going debate into how best to implement SCM and sustainability as separate concepts, let alone through an integrated approach to SSCM. The merging of these two concepts does not help to improve understanding or make practical application easier. In recent years, there has been considerable research into the separate issues of sustainability and SCM; however, the concept of SSCM is still in its embryonic stage. Carter et al. 14 recommended in-depth research into SSCM tools and strategies, aimed at developing a better understanding of benefits and barriers of SSCM at company level. A review of recent literature indicates that SSCM has become a major focus in many industries with the construction industry lagging behind. There are, however, some proactive construction organisations (albeit large organisations) that are addressing aspects of SSCM, but little research to document this trend.
The aim of the current study was to establish the conditions and strategies for achieving SSCM in the construction industry. To achieve this, the research investigated SCM and SSCM definitions, barriers, enablers, issues, tools and techniques.
The UK construction industry is, however, extremely complex and embraces civil engineering, building engineering, manufacture, waste management, maintenance of roads and the process sector. 15 Even though the modes of execution are comparable, the scale, complexity and intricacy within the multitude of supply chains for construction products and services differ considerably. 16 Furthermore, the implementation of sustainability and SCM is still confined within the remit of a few proactive large construction companies (notably those with government as major clients). The complexity of the UK industry, the novelty of SSCM and the need for an in-depth study of exemplar organisations justify a focus on a specific sector. An example is road maintenance, where governmental bodies such as local authorities and the Highways Agency are the main clients with clearly identifiable supply chains.
METHODOLOGY
A case-study-based research methodology was adopted and comprised a combination of data derived from (a) an extensive literature review of academic journals, company archives and information (see section 3) and (b) in-depth semi-structured interviews (see section 4) with three clients, three suppliers, three contractors and two subcontractors within the road maintenance sector. There are two main reasons for focus on the road maintenance sector: the characteristics of the road maintenance sector and the sustainability issues addressed within the sector are similar to those of the construction industry as a whole; and there is evidence of well-established SCM techniques (long-term strategic partnering) within the sector.
The research explored the perceptions of the parties involved at the key interfaces of SCM. A case study approach was used for the investigation, mainly due to the need to retain the holistic and meaningful characteristics of real-life events. 17 As can be seen from Table 1 , a total of 19 staff (from 11 companies) involved in developing and implementing sustainable construction and SCM strategies were interviewed. The sample comprised respondents who perform different functions in their organisations at different levels of the supply chain. The companies studied were chosen as exemplars of sustainable construction implementation both within their organisations and throughout their supply chain. Good practice was thus identified from which other organisations could learn, improve and encourage the industry as a whole to implement SSCM. Access was provided by clients and contractors to their key suppliers and subcontractors; however, only five of these agreed to be interviewed.
This research is based on the opinion of senior managers, from exemplar organisations within the highways maintenance sector, on issues relating to SCM and SSCM, including procurement, environment, health and safety and marketing. The research does not purport to be an exhaustive analysis of the entire road maintenance sector, but provides indicative trends within the sector. The findings are not, however, restricted to that sector. Most of the issues raised are generic to the whole construction industry and most of the interviewed suppliers and subcontractors tended to work across the industry and not just with the main clients and contractors involved in this sector.
LITERATURE REVIEW
Based on the premise that successful SSCM relies on wellestablished SCM processes, this section reviews literature regarding SCM definitions, barriers, enablers and conditions for success as well as related sustainability issues, tools and techniques and conditions for successful SSCM.
Sustainable construction
Since the Brundtland Report 18 in 1987, there has been increased recognition of construction's important role within sustainable development. Adetunji et al. 9 surveyed the top 45 construction contractors in a review of construction's engagement with sustainability. The research also identified a range of sustainability issues that need to considered and concluded that from an economic perspective, greater emphasis needs to be given to whole-life costs and from an environment perspective, there is a need to reduce the consumption of energy, carbon, waste and materials. However, the industry has yet to understand fully how to deal with many of the emerging social issues such as health, well-being and equity. Although many of the impacts can be dealt with at an organisational level, greater benefits can be achieved if responsibility is taken through the supply chain: end-users can make energy savings during the operating stage, contractors can improve safety and reduce waste, architects and engineers can produce more sustainable design, and suppliers can responsibly source materials.
Background to SCM issues and terminology
Increasing global competition, cost pressure and market uncertainty 19 have contributed to the pursuit of SCM based on the premise that potential exists to improve customer service, reduce costs and achieve sustainable competitive advantage through upstream and downstream collaboration throughout the value chain. 20 The key issues addressed [21] [22] [23] [24] within SCM have been collated and are depicted in Fig. 1 , which illustrates how many of the issues are interrelated and impact upon one another. Those having the greater dependency are shown closer together.
SCM-related literature contains many definitions and there is neither a universally adopted definition nor certainty on its practical application. 25 The diversity and complexity of business philosophy embodied in the concept is reflected in the plethora of SCM definitions and confusion surrounding its practical application. In an attempt to clarify debate, several authors 26, 27 have reviewed various definitions for SCM. [26] [27] [28] [29] Research suggests that these variations in definitions and terminologies are mainly based on different standpoints from which it is approached. 14,25 Fig. 2 illustrates the perspectives of SCM from the public sector and construction and manufacturing industries. The main reason for the different perspectives between construction and manufacturing may lie in the differing emphasis on product or process between the two industries.
The dilemma of achieving SCM in the construction industry
The introduction of construction SCM advocates changes in culture and behaviour that have historically tended to be adversarial, short term and opportunistic. Major studies in the construction industry 5, 6 have suggested that the industry (plagued by a fluctuating demand cycle, uncertain production condition, fragmentised production process and adversarial relationships) can potentially benefit from SCM. 30, 31 Over recent years, there has been a proliferation of SCM research and practice resulting in the implantation of several techniques to varying degrees of success. While SCM can deliver many benefits, [32] [33] [34] it has proved very difficult to implement 35 and uptake throughout the industry has been conspicuously low. 36 Recent studies have demonstrated that only a few UK major construction clients and contractors have successfully implemented SCM as an integrated part of their business strategy for procuring projects. 37 According to Gattorna et al., 38 the two main weaknesses of SCM are: (a) the difficulty in creating and maintaining a shared vision and strategy; and (b) achieving and maintaining significant behavioural change both internally and externally. Other research has indicated there is little evidence of trust and commitment is virtually non-existent in many collaborative activities. 39 During periods of significant culture change, organisations and individuals often fear a loss of power and find it difficult to adapt to the new ethos of openness and cost transparency. 40 Suppliers also often fear that open-book approaches are not really used to gain mutual benefits but rather as a means of reducing already thin profit margins. They often initially view the relationship as more of a win-lose situation rather than the win-win situation purported by most SCM literature. A number of studies have also shown that the costs associated with such improvement activities are biased towards suppliers while the benefits are skewed towards the customer.
41,42
The achievement of both internal and external alignment is rarely attributable to: a traditional reliance on price as a barometer for success, historical fragmentation of delivery systems and adversarial relationships; 30 the temporary and one-off nature of most construction projects; 43 and the belief that trading partners are interchangeable. These dilemmas justify the need to investigate further the main schools of thought relating to successful implementation of SCM. The debate on how SCM can be achieved in the construction industry is far from over but it is an area where rhetoric appears to be moving ahead of reality. 35, 44 The literature relating to the conditions for successful SCM in the construction industry can be divided into two main schools of thought as depicted in Fig. 3 and explained below.
13,14
3.4.1. School of thought A: operational efficiency and effectiveness by way of collaboration based on equitable relationships. Most construction literature falls into school of thought A, where the general tenet is that integration and cooperation is the solution to fragmentation, 31 adversarial culture and low profit margins. 5, 6 A number of factors such as trust, 45 commitment 46 and win-win scenarios have been identified as crucial. Trust in this sense means that parties act towards mutual benefits, while commitment is based on the belief that the trading partners are willing to devote energy to sustaining the relationship. A win-win scenario for all parties can be used to safeguard against the tendency simply to act as opportunistic and encourages the various parties to work hard towards a common goal. This approach takes a remarkably benign view of developing and maintaining inter-organisation relationships, 25 which are often not easy to achieve. While this approach may be appropriate for certain players under certain circumstances, they are unlikely to be appropriate for all players in all circumstances due to the nature and complexity of the construction process. 3.4.2. School of thought B: strategic efficiency and effectiveness by way of collaboration based on power relations. School of thought B argues that there is a flaw in the assumption that successful SCM, based on trust and equitable relationships, is achievable in all situations 47 and amenable to all construction processes. It suggests that successful SCM is achieved through collaboration based on a power regime. This occurs when a dominant player is strategically placed and creates a structural hierarchy of relatively dependent suppliers who pose no threat to the flow of value appropriation and are forced to pass value to the dominant player. 48, 49 High purchasing power, regularity and predictability of workload and extensive knowledge of the construction process are all seen as significant intervening factors, which determine whether or not proactive SCM approaches can be implemented. 13 These factors provide buyers (clients) with power and the ability to work in a proactive and collaborative manner with trading parties, to achieve its procurement best-value objectives. 
Sustainability and SCM concepts
Increasing global awareness, driven by the 'global agenda for change,' 18 capacity building, and a proliferation of legislation have put considerable pressure on industries worldwide. Grounded on a well-articulated business case, more companies are proactively implementing sustainability objectives through their business processes. Greater awareness of the need to involve the supply chain as part of a company's wider corporate sustainability agenda is, however, required. 10 Many studies have documented the environmental, social and economic performance of the construction industry and advocated significant change; 1,9 however, most of the research into SSCM relates to other industries rather than construction. Constructionrelated research has tended to focus on specific operational and tactical aspects of SCM as sustainable issues 53 such as:
client-contractor relationships; 43 main contractor and subcontractor/supplier interfaces; 29,54 environmental performance; 55 and sustainable construction. In order to aid the construction industry's transition to SSCM, the review of extensive literature discussed so far has facilitated the development of the model in Fig. 4 . This illustrates the development of SCM and transition to SSCM.
Interview questions emerging from the literature review
This section summarises key issues that emerged during the review of literature and the resulting interview questions that were subsequently explored within the case study organisations.
Q1: How is the concept of sustainability and supply chain management understood within the case study organisations? Q3: Is the full spectrum of issues usually implied by the term 'sustainability' being addressed within the case organisations?
3.6.3. Enablers and barriers to SSCM. SSCM research in other industries suggests potential benefits and pitfalls. 13, 14 As the sustainability performance of supply chains becomes more important to companies, various techniques are being introduced for better understanding of the issues, assessing the risks, monitoring suppliers' performance and raising standards along the chain. 14, 62 Research indicates that most of these tools are still at an embryonic stage of development and there is still some degree of uncertainty regarding which are the most practical, credible, efficient and cost effective. In addition, the choice of tools for individual firms depends on organisation culture, market position and sustainability issues most exposed to. Q4: What are the drivers, benefits, barriers, tools and techniques used within case study organisations to integrate sustainability issues in their supply chain? Do the sustainability issues exposed to culture and market position of individual organisations impact on the choice of tools and techniques?
3.6.4. Conditions for successful SSCM. The previous discussion on inter-firm relationships (Fig. 3) has been based on literature relating to successful integration of environmental issues within SCM. Innovative approaches to reducing packaging in the healthcare and retail sectors provide good examples of collaboration based on trust and equity. Examples of collaboration based on dominance and power regimes include how Toyota successfully achieves its 'lean' and environmental management objectives and how B&Q successfully integrates environment and wider sustainability objectives throughout their supply chains. This evidence suggests that the diffusion of environmental objectives differs between industries and supply chains with different structural formations and the effectiveness of green purchasing policies varies between contexts. 58 It is imperative that certain conditions are met for effective SSCM. A review of related literature 13, 14, 63 suggests that conditions such as top-level leadership, cross-functional teams and effective communication (see Table 3 for full lists) are required for successful implementation of SSCM. These conditions were examined and validated within the case study organisations and the outcomes are summarised in Table 3 .
No. Process must be rewarding for all parties Low: the process is mainly geared towards reducing cost for and meeting the client's public services agreement (PSA) targets. 13 Partnership culture High: there is very strong evidence of partnership culture and most of the parties interviewed are regarded as the pioneers of strategic partnering in the sector. Contracts are awarded through strategic partnering on a 5-year term maintenance contract (local authorities) or management agent contractor (MAC in the Highways Agency). With these arrangements, contractors, suppliers and subcontractors work together to achieve clients objectives. 14 Transparency and trust among all the parties involved Moderate: evidence from a few subcontractors and suppliers suggest an arm's-length relationship with their clients and/or contractors. In general, there seems to be an element of trust and honesty. However, this assertion is purely based on the fact that most of the parties interviewed have been working together for over 10 years and one of the contractors described their relationship with clients as 'closely tight'. 15 Shared vision and strategy Moderate: although a shared vision and strategy exists, the cultural barriers and the historic division of functions and departments make this difficult to maintain and execute. Q5: To what extent do these conditions exist and which type of inter-firm relationship exists in the case study organisations that facilitate the diffusion of sustainability issues within the supply chain?
RESEARCH FINDINGS AND DISCUSSION
Based on in-depth semi-structured interviews, the answers to the above five research questions can be summarised as follows.
Understanding of the concept
The initial stage of the study explored the interviewees' understanding of SCM, sustainable construction and SSCM. The clients' descriptions of SCM reflected the public sector's perspective while contractors' descriptions tended to follow the construction industry's perspective, as shown in Fig. 2 . There is a general consensus among all parties that sustainability is a complex and cross-cutting concept. It was recognised, however, that sustainability comprises three components: environmental, social and economic issues. With the exception of the subcontractors, one supplier and one contractor, all the interviewees confirmed that their organisations have developed sustainability strategies and produced documentation to prove this. There is evidence that all have either environmental management system (EMS) certification to ISO 14001 or in-house EMS systems. The term SSCM is generally unknown but there is a very high level of awareness of green procurement, green purchasing and environmental supply chain management. This is understandable, as these are common terms within the clients' organisations (public sector) and the reflection of the scope of sustainability issues addressed with the SCM.
Sustainability issues addressed
There appears to be a lack of integration of the wide spectrum of sustainability issues within SCM and a focus on environmental issues, possibly due to the clients' green procurement policy (the 'Greening Government' programme focuses on the incorporation of environmental concerns into public procurement) and the high exposure of the sector to environmental legislations (as many similarities exist between the waste management and road maintenance sectors). The analysis of the sustainability issues addressed within the supply chain mainly focused on the environmental aspect of sustainability that can yield economic rewards. Examples of these were waste management to reduce landfill tax, recycling initiatives, material innovation, pollution avoidance, reduction of generic construction material usage (water, energy), transport policy (to minimise disruption to road users during road works) and so on. The only social issue being addressed appeared to focus on health and safety, possibly due to poor health and safety records in the industry.
Functions/departments involved in integrating sustainability issues in the SCM
The research results indicate that some of these departments/ functions are more involved than the others, as shown in Fig. 5 . The most involved department/function is the procurement/ purchasing department while the least involved is the human resources department. This finding is consistent with the common perception within the construction industry that environmental concerns are more tangible than the social aspect of sustainability.
Drivers for integrating sustainability issues in SCM
The research has also demonstrated the power of clients to initiate change. Several of the contractors, subcontractors and suppliers suggested that clients' requests for better environmental and health and safety performance have yielded major influence in getting support at board level, the main catalyst for achieving environmental management accreditation to ISO 14001. Some, with the exception of the subcontractors, indicate that their organisations also have or are in the process of working towards third-party accreditations such as Investors in People, Quality Management ISO 9000: 2000, and health and safety (RoSPA and/or OHSAS). The research suggests that the main drivers are: achieving best value for the client; meeting clients' targets; minimising risk; compliance with environmental legislation and contractual requirements; maximising added value; reducing total cost across the entire trading process; and gaining competitive advantage. These drivers can be broadly grouped into customer focus, cost leverage and environmental innovation.
Benefits of integrating sustainability issues in SCM
The supply chain provides the focus for any organisation seeking to improve the social, environmental and economic performance of its operations. Substantial business benefits can be achieved through a combination of leadership commitment, practical initiatives and improved systems and processes. Most of the respondents indicated a positive impact on the economic bottom line and cited several business benefits such as improved image, legislative compliance and cost savings, as shown in Fig. 4 . This suggests that business value can result from the successful integration of environmental/sustainability issues throughout the supply chain.
Barriers to integrating sustainability issues in SCM
The respondents conveyed a number of barriers to overcome when collaborating on environmental/sustainability initiatives. The findings pointed to some intriguing problems. The cited major barriers included: the difficulty of achieving behavioural and cultural change; procurement restriction; cost issues; commercial risks; clients' unwillingness to pay a premium for sustainable construction innovation; and rigid specifications. These and other challenges are outlined below.
(a) Restriction of World Trade Organisation (WTO) and European Union (EU) legislation on procurement: the UK public sector's SSCM is restricted by the global and continental trade rules such as the government procurement agreement, and the EU Treaty, which both mandate 'open tendering' and nondiscrimination procurement practices for the member countries. (b) Laxity of procurement policy: the UK government's procurement policy is mainly based on the concept of 'value for money'. Due to the devolved nature of procurement responsibilities, however, the scope of its practical application mainly depends on the different levels of government and specific department. This appears to be a major barrier to SSCM. There is still no 'level playing field' as procurement practices have largely been focused on price whereas the commitment to sustainability issues has been an act of faith rather than a contractual deliverable. (c) Symbolic quality submission: pre-selection systems tend to accept 'just enough' as the pass mark and then allow the next phase of the tender process to be awarded primarily on a cost basis which does not reward those companies 'making a real difference'. (d) Low-risk culture: there is a general perception that clients are unwilling to take or share risks and opt for tried and tested materials and construction processes. (e) Cost of innovation and commercial risk: clients are sometimes unwilling to share the cost or pay a premium for sustainable construction innovation. Because of commercial risk, and a long history of conservative and adversarial relationship, suppliers do not always share certain For product and services this is a useful tool for influencing the supply chains. Examples of purchasing specifications involve restriction on certain environmental damaging substances, amount of recycling material use, whole-life costing outcome and so on. 
Tools and strategy used for implementing SSCM
The research findings suggest the existence of wide-ranging, advanced and innovative SSCM tools and techniques in operation. These tools and techniques, however, mainly focus on environmental aspects and not on other aspects of sustainability issues. The research demonstrated a high culture of health and safety and environmental consciousness within the case study organisations, possibly due to the sector's high exposure to environmental, health and safety issues and the client's green procurement strategy. The high exposure and client's market position appear to have influenced the choice of tools and strategies as more importance is placed on achieving third-party certification. The inventory of tools and techniques used within the sector is presented in Table 4 .
Assessment of the conditions for SSCM and type of inter-firm relationships
This assessment was based on the discussions and observations during the interviews and on the review of literature and documents from the case study organisations. The conditions for SSCM are assessed on a three-point scale; namely high, medium and low. The inter-firm relationship observed in the supply chain network has the characteristics of structural dominance and power regime (school of thought B in Fig. 3 ). This structural dominance exists in the client-contractor relationships and the contractor's network of subcontractors and suppliers' relationships. This situation is referred to as extended buyer (client) dominance. 15 Such an environment is argued to be one of the most conducive environments for successful implementation of SCM in the construction industry. 15, 64 In the road maintenance sector, there are very few major contractors and the only sources of revenue are government agencies (such as local authorities and the Highways Agency). The client's main priority is to maintain the road network within budget with minimal disruptions to road users and low environmental impacts.
The large volume and regularity of workload, extensive knowledge of the road maintenance process and the high revenue dependence of the main contractors and their supplier chain networks have helped clients to achieve their business objective, that is obtaining 'value for money'. The Highways Agency, through extended structural dominance, is able to control its supply chain by adopting a long-term strategic partnering arrangement with the contractor. The main contractor selection criteria, apart from cost, are evidence of: environmental policy; innovation in material and construction process; supply chain network of subcontractors and suppliers; and health and safety performance of the main contractors. The contractor is also able to leverage power on its selected/preferred supply chain network of subcontractors and suppliers through regularity of workload, high purchasing power and extensive knowledge of the maintenance process. This approach is highly proactive and enables the clients to directly manage the upstream and indirectly manage the downstream supply chains and facilitate the diffusion of environmental/sustainability issues.
CONCLUSIONS
The terms SCM and SSCM are evolving concepts and SSCM can be defined as: identification of problematic economic, social and environmental issues throughout the supply chain; assessment of their potential impact and risks; and development of measures to enhance impact and mitigate risk. 13 Through extensive literature review and detailed interviews, this research has established the conditions and strategies for achieving SSCM in the construction industry. The research also investigated the meaning, barriers and enablers, issues, tools and techniques for achieving successful SCM and SSCM, based on the perspectives of senior managers from exemplar organisations with a proven track record in implementing sustainability issues and good supply chain management.
Within the investigated sector, the study revealed a general understanding of sustainability and supply chain concepts. However, the term SSCM is relatively unknown or considered from the perspective of green procurement/purchasing. This is consistent with the SSCM practice found within the organisations studied, the main reasons being clients' green procurement strategies and the potentially high environmental impact by this sector. The study observed a high culture of health and safety and environmental consciousness within the case study organisations, due to the sector's high exposure to environmental, health and safety issues. The high exposure and clients' market position appeared to have influenced the choice of tools and strategies, as more importance is placed on achieving third-party certification and meeting clients' targets. The research findings suggest the existence of a spectrum of advanced and innovative SSCM tools and techniques in operation such as strategic alliance, pre-qualification assessment, third parities certification, validation of performance, continuous improvement agreement and so on, as collated in Table 4 .
This research has examined the debate on the uncertainty regarding the circumstances amenable to achieving SCM in the construction industry. In this context, two schools of thought for achieving SCM were found in the literature, as depicted in Fig. 3 . Due to the nature and complexity of many construction processes, SCM relationships within the industry are, more often than not, based on dominance and power regime as confirmed in the study. The inter-firm relationships observed in the supply chain network possess the characteristics of extended structural dominance and power regime and provide the environment for the diffusion of sustainability issues. Most of the respondents indicated a positive impact on the bottom line and cited several business benefits, as shown in Fig. 4 . This indicates that a well-crafted and successful integration of environmental/sustainability issues throughout the supply chain can create business value. SSCM therefore provides a rare opportunity to create value; however, the construction industry needs to fully embrace SSCM if it is to achieve sustainable construction.
